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© Process for the preparation of fluoroaromatic and fluoroheteroaromatic compounds. 



© Good yields of a range of fluoroaromatic and fluoroheteroaromatic compounds may be obtained by reacting 
an aromatic or a heteroaromatic amine with a nitrosyl polyfluoro salt in an inert solvent to form an intermediate 
aryl or heteroaryl diazonium polyfluoro salt and decomposing this aryl or heteroary! diazonium polyfluoro salt in 
situ. 

The process described is especially suitable for the preparation in good yield of fluoroaromatic and 
fluoroheteroaromatic compounds with ortho substituents. 
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PROCESS FOR THE PREPARATION OF FLUOROAROMATIC AND FLUOROHETERO AROMATIC COM- 
POUNDS 

This invention relates to a process for the preparation of fluoroaromatic and fluoroheteroaromatic 
compounds from the corresponding aromatic and heteroaromatic amines by replacement of the amino 
group with a fluorine atom. 

A number of general methods for the preparation of fluoroaromatic and fluoroheteroaromatic com- 
5 pounds are known and these include:- 

(i) the Schiemann reaction where a diazonium tetrafluoro borate prepared from an aromatic amine is 
isolated and dried and then decomposed thermally to form the fluoroaromatic compound; 

(ii) diazotisation of an aromatic amine in anhydrous hydrofluoric acid and subsequent heating to produce 
the corresponding fluoroaromatic compound. Whilst this method is suitable for simple aromatic amines, 

10 only moderate yields of the fluoroderivative are obtained at atmospheric pressure when the amine is 
substituted in the ortho position with an atom having a lone pair of electrons. Additionally, special 
equipment is required to handle and recover hydrofluoric acid; and 

(iii) halogen exchange reactions where typically a chloro- or bromoaromatic compound is reacted with an 
alkali metal fluoride in a suitable aprotic solvent. This method is limited to compounds which have at 

75 least one activating group, such as nitro or cyano, attached to the aromatic ring. 

The Schiemann reaction was disclosed by Balz and Schiemann (Berichte, 60, 1186 (1927)). Since that 
time a large number of fluoroaromatic compounds have been prepared using this reaction. According to 
Roe's review (Organic Reactions 5, 193 (1949)) the diazonium tetrafluoro borate must be isolated and 
thoroughly dried before being decomposed otherwise the presence of moisture makes the decomposition 

20 uncontrollable and markedly lowers the yield. Also according to Roe the presence of hydroxyl, carboxyl, 
amino, nitro and ester groups lower the yield of the desired compound. This is particularly marked where an 
ortho substituent is present because this increases the solubility and gives a lower yield of the isolated 
diazonium tetrafluoro borate. 

According to US Patent No. 4476320 the isolation and drying of the diazonium tetrafluoro borate is 

25 necessary before decomposition of the fluoroaromatic compound. 

Surprisingly it has been found that reasonable yields of a range of fluoroaromatic and 
fluoroheteroaromatic compounds may be obtained by the formation and direct decomposition, in situ, of 
diazonium tetrafluoroborate and certain related polyfluoro salts. In many cases the yields are comparable 
with or better than those achieved by conventional Schiemann reactions. 

30 According to the present invention there is provided a process for the preparation of fluoroaromatic and 
fluoroheteroaromatic compounds by reacting the corresponding aromatic or heteroaromatic amines with a 
nitrosyl polyfluoro salt in an inert liquid and decomposing the derived aryl or heteroaryl diazonium 
polyfluoro salt in situ. 

Suitable aromatic and heteroaromatic amines are of the Formula (1): 

35 A-(NH 2 ) n (1) 
wherein: 

A is a substituted or unsubstituted aromatic or heteroaromatic radical; 
and 

n is 1 or 2. 

40 It is preferred that any ring in the aromatic or heteroaromatic radical carries only one amino group. Thus 
in the monocyclic aromatic or heteroaromatic radicals represented by A it is preferred that n is 1 . Where A 
is an aromatic or heteroaromatic radical with more than one aromatic or heteroaromatic ring each ring may 
carry an amino group. 

The radical represented by A is preferably aryl, especially phenyl or naphthyl; heteroaryl especially 
45 pyridyl, quinolinyl, thienyl, furanyl; or biaryl, especially biphenyl and diphenylmethyl. 

The radical A may be unsubstituted or substituted by any one or more of the following groups: -H; 
Ci -e-alkyl; Ci- 6 -alkoxy; aryloxy; Ci-n-alkyl NH 2 ; OH; -COOH; -CHO; -COOCi - 6 -alkyl; -F; -CI; -Br; -I; -CF 3 ; 
- N0 2 ; -CN; -S0 3 H; -Ci-*-alkylary!NR 2 ; -C1 -4-alky!COOH; -Ci-*-aIkylCOOCi-4-a!kyl; -NHCOCwalkyl; 
-CONR 1 R 2 , wherein R 1 and R 2 are each independently selected from -H and Ci-^-alkyl; or -COX wherein X 
50 is -CH3, phenyl, aminophenyl or fluorophenyl. 

It is preferred that when A is phenyl, it is substituted by one or more of the following groups: -H; C1 -4- 
alkyl, especially methyl or ethyl; aryloxy; C1 -4-alkoxy, especially methoxy or ethoxy; -OH; -COOH; -CHO; 
-COOCH3; -F; -CI; -CF 3 ; -N0 2 ; -CH 2 PhNH 2 ; -NHCOCH3; -COPhNH 2 or -CN. 

It is preferred that when A is pyridyl it is substituted by one or more of the following groups: -H; -CH3; 
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-COOH; -F; -CI; or -CF 3 . 

Suitable nitrosyl polyfiuoro salts are of the Formula (2): 
NOZF x (2) 
wherein: 

5 Z is boron, antimony, phosphorus, silicon or arsenic; and 
x is from 4 to 6. 

When n = 2 both amino groups will react with the nitrosyl polyf iuoro salt to form the aryl or heteroaryl 
bis(diazonium polyfiuoro salt) which decomposes to the corresponding difluoro aromatic or heteroaromatic 
compound. 

io Examples of suitable aromatic amines for use in this process includes 
aniline; 

2-, 3- and 4-aminophenois; 

2-, 3- and 4-aminobenzoic acids; 

2-, 3- and 4-aminonitrobenzenes; 
75 2-, 3- and 4-aminobenzonitriles; 

alkyl 2-, 3- and 4-aminobenzoates; 

2-, 3- and 4-aminobenzaldehydes; 

2-, 3- and 4-chloroanilines; 

2-, 3- and 4-bromoanilines; 
20 2-, 3- and 4-aminopyridines; 

4-aminobenzophenone; 

4,4'-diaminobenzophenone; 

4,4'-diaminodiphenylmethane; 

4-aminoacetophenone; 
25 4-amino-2-chloroacetophenone; 

2-, 3- and 4-aminotoIuenes; 

2-amino-5-methylnaphthyridine; 

4-methyi-7-aminocoumarin; 

1- and 2-aminoanthraquinone; 
30 1 ,6-diaminoanthraquinone; 

2- aminofluorenone; 
4-aminobenzothiadiazole. 

This process is especially suitable for the preparation in good yield of fluoroaromatic and 
fiuoroheteroaromatic compounds from the corresponding amino or aromatic compounds and more espe- 

35 daily those with ortho substituents such as 2-fluorophenol, 2-fluorobenzoic acid, 2-fluoronitrobenzene, 2- 
fluorobenzonitrile, methyl 2-fluorobenzoate, ethyl 2-fluorobenzoate, 2-fluorobenzaldehyde, 2-chlorofluoroben- 
zene, 2-bromofluorobenzene and 2-fluoropyridine. By good yield it is meant that the yields obtained by the 
p resen t process are at least as good as the yields obtained by the conventional Schiemann process. 

The reaction may be conveniently carried out by dissolving or slurrying the aromatic amine in a suitable 

40 inert liquid and adding a slurry of nitrosyl polyfiuoro salt in a suitable inert liquid. The aromatic amine does 
not need to be completely soluble in the inert liquid and reaction occurs if part of the amine is suspended in 
the inert liquid. Alternatively the amine solution or suspension may be added to the nitrosyl polyfiuoro salt 
slurry. The mixture is stirred until the reaction is essentially complete. Where necessary the temperature of 
the reaction mixture is increased, optionally after adding a suitable high boiling inert liquid, to effect 

45 decomposition to the corresponding fluoroaromatic compound. It is generally necessary to increase the 
temperature by up to 200° C, preferably from 5° C to 150° C, to effect decomposition 

By the term "in situ" it is meant that the derived diazonium, or bis(diazonium), salt is not isolated from 
the other reactants used in the present process, as would be done in conventional Schiemann reactions, but 
it does include the possibility that the reaction liquid may be replaced by a different liquid such as higher 

so boiling liquid which would allow decomposition to occur at a higher temperature. 

The nitrosyl polyfiuoro salt may be added directly or may be formed in the reaction liquid, for example 
nitrosyl fluoroborate may be formed in the reaction liquid by reacting a suitable alkyl nitrite with boron 
trifluoride and hydrogen fluoride. Suitable alkyl nitrites are those with straight or branched Ci~ 6 -alkyl groups 
such as methyl, ethyl, propyl, butyl, pentyl and hexyl nitrites, preferably ethyl, isopropyl, n-butyl, sec-butyl, 

55 tertbutyl, isobutyl, n-pentyl and iso-pentyi nitrites. 

Suitable liquids which can be used in the process are aromatic hydrocarbons, such as toluene, xylene 
and triisopropylbenzene; haloaromatics such as chlorobenzene, dichlorobenzene and chloronaphthalene; 
haloaliphatics such as dichloromethane and dichloroethane; ethers such as tetrahydrofuran, diethyl ether, 
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dimethoxyethane and diethoxyethane; and alcohols such as methanol, ethanol, n-propanol, iso-propanol, n- 
butanol, iso-butanol and tert.butanol. The liquids may be used either alone or in any convenient mixture 
which gives reasonable solubility, i.e. of at least 0.1%, for the reactants and allows sufficiently high 
temperatures for decomposition to be achieved. Preferred liquids are toluene, dichlorobenzene, dich- 
5 loromethane, tetrahydrofuran and ethanol. 

The amount of nitrosyl polyfluoro salt which is used in the process can be varied within wide limits. 
Preferably from 1.0 to 5.0, especially from 1.0 to 2.0 and more especially from 1.1 to 1.5 mol of nitrosyl 
polyfluoro salt is used per mol of aromatic amine. 

The amount of liquid to nitrosyl polyfluoro salt can be varied within wide limits. Preferably 5 to 100, 
w especially 10 to 50 and more especially 15 to 25 parts of liquid is used per part of nitrosyl polyfluoro salt. 

The amount of liquid to amine can be varied within wide limits preferably 5 to 200, especially 10 to 100 
and more especially 15 to 30 parts of liquid is used per part of amine. 

The diazotisation reaction may be carried out at temperatures between -30 °C and 20 °C, preferably 
between -20° C and 10° C and especially between -15° C and 5° C. 
15 The diazotisation reaction mixture may be stirred at temperatures between -20° C and 20° C for up to 
24 hours before the reaction is essentially complete. 

Before decomposing the diazonium polyfluoro salt further portions of any of the aforementioned liquids 
may be added in amounts between 5 and 200 parts, preferably 10 and 100 parts and especially 15 and 30 
parts per part of amine. However it is preferred to use a high boiling liquid so that the decomposition 
20 reaction may be carried out at temperatures up to 250° C, preferably 50 °C and 225 °C and especially 
75 °C and 200° C. 

The derived fluoroaromatic and fluoroheteroaromatic compounds are useful as intermediates in the 
manufacture of a wide range of products which includes pharmaceuticals, herbicides, pesticides, dyestuffs 
and plastics. Examples of such intermediate and other end products which they may be used to prepare 
25 are: difluorodiphenylmethanes, difluorodiphenylmethanols and difluorobenzophenones. 

The invention is further illustrated by the following Examples in which all parts and percentages are by 
weight unless otherwise indicated. 

Example 1 

30 ~~~ 

Nitrosyl fluoroborate (1.28 parts) was stirred in suspension in 1 ,2-dichlorobenzene (30 parts) and cooled 
to 0-5 °C. Aniline (0.93 parts) in 1,2-dichlorobenzene (20 parts) was added and the mixture was stirred for 
30 minutes. The mixture was warmed so that the temperature reached 110° C after 1 hour. The diazonium 
fluoroborate started to decompose at 85° C and give fluorobenzene (75%). 

35 

Example 2 

4-Aminophenol (1.09 parts) was dissolved in tetrahydrofuran (THF, 30 parts) and the solution was 
cooled to -15°C. Nitrosyl fluoroborate (1.28 parts) was added over 30 minutes and the mixture was stirred 
40 for a further 30 minutes at -15 ° C. 1,2-Dichlorobenzene (30 parts) was added and the mixture was warmed 
gently. The THF was gradually distilled off and the residue was heated gradually to 165° C to give 4- 
fluorophenoi (30%). 

Example 3 

45 " 

A solution of 2-aminopyridine (0.94 parts) in methylene chloride (40 parts) was added over 1 hour to 
nitrosyl fluoroborate (1.28 parts) in methylene chloride (10 parts) at 5°C. The reaction mixture was stirred 
for 30 minutes at 5° C before warming to 40° C to give 2-fluoropyridine (69%). 

50 Example 4 

2-Aminophenol (1.09 parts) was dissolved in methylene chloride (50 parts) and added quickly to nitrosyl 
fluoroborate (1.28 parts) in methylene chloride (10 parts) at 5° C. The miture was stirred at 5° C for 2 hours 
and for a further 18 hours at 20° C before adding 1,2-dichlorobenzene (30 parts). The mixture was gradually 
55 warmed, firstly distilling out the methylene chloride and then up to 160° C. The diazonium fluoroborate 
started to decompose at about 90° C and gave 2-fIuorophenol (58%). 

Example 5 
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The procedure as for Example 4 was followed, but in place of the 2-aminophenol, 1.275 parts of 2- 
chloroaniline were used. Decomposition started at 60° C, heating was continued up to 172°C and 2- 
chlorofluoroaniline (90%) was obtained. 

5 

Example 6 

The procedure as for Example 1 was followed, but in place of the aniline, 1.72 parts of bromoaniline 
were used. Decomposition started at 105° C, heating was continued up to 160°C and 2-bromofluoroben- 
10 zene (90%) was obtained. 

Example 7 

A slurry of 2-aminobenzoic acid (1.37 parts) in methylene chloride (40 parts) was added quickly to a 
15 solution of nitrosyl fluoroborate (1.28 parts) in methylene chloride (20 parts) at 5° C. The mixture was stirred 
at 5° C for 2 hours and for a further 18 hours at 20 *C before adding 1 ,2-dichlorobenzene (30 parts). The 
mixture was gradually warmed, firstly distilling out the methylene chloride and then up to 160°C. The 
diazonium fluoroborate started to decompose at about 120° C and gave 2-fluorobenzoic acid (98%). 

20 Example 8 

The procedure as for Example 7 was followed, but in place of the 2-aminobenzoid acid, 1.37 parts of 4- 
aminobenzoic acid were used. Decomposition started at 90° C, heating was continued up to 150° C and 4- 
fluorobenzoic acid (100%) was obtained. Example 9 
25 Nitrosyl fluoroborate (1.06 parts) was stirred in methylene chloride (10 parts) and cooled to 5°C. A 
suspension of 2-aminobenzaldehyde (1 part) in methylene chloride (50 parts) was added over 30 minutes 
and the mixture was stirred for a further 30 minutes at 5° C. 1 ,2-Dichlorobenzene (30 parts) was added and 
the mixture was warmed. The methylene chloride was distilled off and the residue was heated to 160°C. 
The residue was cooled to 20 ° C to give 2-f luorobenzaldehyde (80%). 

30 

Example 10 

A solution of nitrosyl hexaf luorophosphate (1 .925 parts ex Fluorochem Ltd.) in methylene chloride (20 
parts) was stirred at 5°C and aniline (0.93 parts) in methylene chloride (20 parts) was added. The mixture 
35 was stirred at 5° C for 1 hour before adding 1 ,2-dichlorobenzene (20 parts). The mixture was gradually 
warmed, firstly distilling out the methylene chloride and then gradually up to 160*0. The diazonium 
fluoroborate started to decompose at about 110° C and gave fluorobenzene (58%). 

Examples 11 - 35 

40 

The procedure of Example 9 was followed replacing the 2-aminobenzaidehyde with equimolar amounts 
of the appropriate amino aromatic compound. 
The details are summarised in Table 1 below. 

45 



50 



55 
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Table 1 



Exam ole 


Aromatic amine 


Yield of F 
aromatic 


11 


2-MeOPH-NH 2 


70 


12 


2-PhOPH-NH 2 


63 


13 


2-MeC0Ph-NH 2 


56 


14 


2-EtOCOPh-NH 2 


80 


15 


4-HOCOCH 2 Ph-NH 2 


73 


16 


4-EtOCOCH 2 Ph-NH 2 


57 


17 


2-CI-5-HOCOPh-NH 2 


55 


18 


4-CH 3 CONHPh-NH 2 


55 


19 


2-N0 2 -Ph-NH 2 


15 


20 


3-N0 2 Ph-NH 2 


65 


21 


2-FPh-NH 2 


25 


22 


3-FPh-NH 2 


52 


23 


4-(4-NH 2 PhCH 2 )Ph-NH 2 


65 


24 


3-NH 2 -pyridine 


58 


25 


4-NH 2 -pyridine 


8 


26 


2-NH 2 -4-Me-pyridine 


70 




O-MMn-nw/imiflinci 

<i~iNn 2 "pyr uiuuii io 


97 


28 


1 ,6-diaminoanthraquinone 


46 


29 


2,4-diamino-1 ,3,5-trimethylbenzene 


35 


30 


1 -aminoanthraquinone 


90 


31 


2-aminoanthraquinone 


90 


32 


2-aminofluorenone 


60 


33 


4-aminobenzthiadiazole 


23 


34 


2-amino-5-methyl-1 ,8-naphthyridine 


24 


35 


4-methyl-7-aminocoumarin 


47 



Claims 

1 . A process for the preparation of fluoroaromatic and fluoroheteroaromatic compounds which comprises 
reacting the corresponding aromatic or heteroaromatic amines with a nitrosyl polyfluoro salt in an inert liquid 
and decomposing the derived aryl or heteroaryl diazonium polyfluoro salt in situ. 

2. A process for the preparation of fluoroaromatic and fluoroheteroaromatic compounds according to Claim 
1 in which the aromatic and heteroaromatic amine is of the Formula (1): 

A-(NH 2 ) n (1) 
wherein: 

A is a substituted or unsubstituted aromatic or heteroaromatic radical; 
and 

n is 1 or 2. 

3. A process for the preparation of fluoroaromatic and fluoroheteroaromatic compounds according to Claim 
1 and Claim 2 wherein the aromatic or heteroaromatic amine has one or two ortho substituents in the 
aromatic ring. 

4. A process for the preparation of fluoroaromatic and fluoroheteroaromatic compounds according to Claim 
1 and Claim 2 wherein the aromatic amine is selected from: 

aniline; 

2-, 3- and 4-aminophenols; 
2-, 3- and 4-aminobenzoic acids; 
2-, 3- and 4-aminonitrobenzenes; 
2-, 3- and 4-aminobenzonitriles; 
alkyl 2-, 3- and 4-aminobenzoates; 
2-, 3- and 4-aminobenzaldehydes; 
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2-, 3- and 4-chloroanilines; 

2-, 3- and 4-bromoanilines; 

2-, 3- and 4-aminopyridines; 

4-aminobenzophenone; 
5 4,4' -diaminobenzophenone; 

4,4' -diaminodiphenylmethane; 

4-aminoacetophenone; 

4-amino-2-chloroacetophenone; 

2-, 3- and 4-aminotoluenes; 
70 2-amino-5-methylnaphthyridine; 

4-methyl-7-aminocoumarin; 

1- and 2-aminoanthraquinone; 
1 ,6-diaminoanthraquinone; 

2- aminofluorenone; and 
15 4-aminobenzothiadiazole. 

5. A process for the preparation of fluoroaromatic and fluoroheteroaromatic compounds according to Claim 
1 in which the nitrosyl poiyfluoro salt is of the Formula (2): 

NOZF x (2) 
wherein: 

20 Z is boron, antimony, phosphorus, silicon or arsenic; and x is from 4 to 6. 

6. A process for the preparation of fluoroaromatic and fluoroheteroaromatic compounds according to Claim 
1 wherein the nitrosyl poiyfluoro salt is formed in situ from an alky! nitrite, boron trifluoride and hydrogen 
fluoride. 

7. A process for the preparation of fluoroaromatic and fluoroheteroaromatic compounds according to Claim 
25 6 wherein the alky I nitrite is a C1 - 5 -alkylnitrite. 

8. A process for the preparation of fluoroaromatic and fluoroheteroaromatic compounds according to Claims 
6 and 7 wherein the alkyl nitrite is selected from ethyl, isopropyl, isobutyl, n-butyl, sec-butyl, tert-butyl, n- 
pentyl and iso-pentyl nitrite. 

9. A process for the preparation of fluoroaromatic and fluoroheteroaromatic compounds according to Claim 
30 1 wherein from 1.0 to 5.0 mols of the nitrosyl poiyfluoro salt is used per mol of aromatic amine. 
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